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Abstract 

Aim: The aim of this systematic review was to examine cohort studies investigating the association of this infection with maternal and perinatal mortality, 
especially stillbirth. 

Material and Methods: According to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines, a search was conducted 
on 3 databases: PubMed, Scopus and ScienceDirect for cohort studies published up to 24 April 2022 in English or French. Studies comparing the incidence of 
maternal or perinatal mortality among infected and uninfected pregnant women were retained (PROSPERO registration number: CRD42022341500). 
Results: Initially, 2818 articles were identified, and 24 cohort studies were included. The overall population was 1511875 pregnant women. Of seventeen 
studies addressing maternal mortality, six reported a significant increase in death incidence among the exposed group (RR ranging from 13.3 to 22.26). 
Although, three studies found no significant difference (p = 0.05). Eight studies reported no maternal deaths, of which 7 were conducted in the first year of the 
epidemic and 5 in a single center. The association of SARS-CoV-2 infection with perinatal mortality and stillbirth was not significant in 9/17 studies. However, 
6/17 studies reported a significant association (RR ranging from 1.2 to 4.7). 

Factors that may influence outcomes included disease severity, body mass index, ethnicity, previous morbidities, and gestational age at the time of exposure. 
Discussion: The association between SARS-CoV-2 infection and maternal mortality was contrasting. Single-center studies revealed a low risk, while larger 
studies indicated a high risk of death. Furthermore, the association with perinatal mortality was less strong. 
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Introduction 

Pregnant women were defined as a vulnerable population 
during the COVID-19 pandemic [1]. 

This is attributable to the physiological changes, which promote 
fetal development while reducing immunity and increasing the 
risk of infections [2]. Pregnant women are more likely than the 
general population to be admitted to intensive care units (ICUs) 
for infection by SARS-CoV-2 [3]. Disease severity is influenced 
by several factors such as maternal age, weight, comorbidities, 
parity, and ethnicity [4]. The probability of vertical transmission 
is low. However, adverse fetal outcomes have been noted [5], 
and pregnant women were more likely to die from COVID-19 
than non-pregnant [6]. 

The probability of maternal death ranges from 0% to 15.78% 
in pregnant women infected with SARS-CoV-2 [7]. According 
to a living systematic review, they had an increased risk of 
maternal death (OR=6.09), and fetal death (OR=1.81) compared 
to pregnant women without the condition [4]. Furthermore, 
maternal mortality and stillbirth rates have increased during 
the COVID-19 pandemic compared to the pre-pandemic period 
[8]. This rise has varied among high-income countries and 
middle- and low-income countries [9]. 

Although fetal mortality has reduced in high-income countries, 
it is considered a poor outcome in women with COVID-19 
[10]. According to the World Association of Perinatal Medicine 
(WAPM), perinatal death occurred in 4.1% of women infected 
with SARS-CoV-2 [5,11]. It occurs as a result of maternal or 
fetal complications [12]. SARS-CoV-2 induces placental vascular 
damage with episodes of hypoxia with a risk of adverse 
perinatal outcomes [10]. 

Despite evidence of an increased risk of maternal and perinatal 
mortality associated with COVID-19 status, multiple studies 
have reported that the incidence of maternal and fetal death 
was not statically different among test-positive and test- 
negative women [13]. 

The effect of SARS-CoV-2 infection on maternal and perinatal 
outcomes must be measured over the long term, given the 
emergence of new variants [14]. Therefore, the World Health 
Organization has recommended in its generic protocol: 
COVID-19 and pregnancy, 2022 (available at the WHO website), 
to search for comparative data among infected and uninfected 
pregnant women. These studies should be longitudinal to ensure 
long-term monitoring [1]. 

Many published studies have reported data from infected 
cohorts of pregnant women without comparison groups 
[15]. The primary objective of this systematic review is to 
examine comparative cohort studies that have investigated the 
association of SARS-CoV-2 infection status during pregnancy 
and the risk of maternal and perinatal mortality. The second 
objective is to identify factors that may influence this 
association. 


Material and Methods 

1.Search strategy 

This systematic review was conducted in accordance with 
the PRISMA 2020 (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines [17]. The protocol was 
registered and published on PROSPERO (registration number: 


CRD42022341500). 

Two authors (K.O. and A.K.) independently queried three 
databases: Scopus, PubMed and ScienceDirect. Concerning 
Scopus and PubMed, the search for articles was done using two 
queries, first: (“COVID-19” or “SARS-CoV-2” or “Coronavirus” 
and “maternal mortality” or “maternal death’) and secondly: 
(“COVID-19” or “SARS-CoV-2” OR “Coronavirus” and “perinatal 
mortality” or “perinatal death “or “stillbirth”). For ScienceDirect, 
the formula was as follows: ((“COVID-19” or “SARS-CoV-2” or 
“Coronavirus”) and (“maternal-death” or “maternal mortality” or 
“perinatal mortality” or “perinatal death” or “stillbirth’)). 
2.Selection process 

We included in this systematic review cohort studies published 
in English or French up to 24 April 2022. Initially, titles and 
abstracts were selected for relevant articles by 2 authors 
independently (KO and AK). Duplicate articles are eliminated 
using Zotero 6.0.18 (free version). A third reviewer (MO) was 
solicited to decide if there was disagreement between the two 
examiners. The included articles were retrieved in full text for 
further evaluation. 

3.Eligibility criteria 

Articles eligible for inclusion were comparative cohort studies 
that met the following criteria: 1) prospective or retrospective 
cohort studies; 2) studies that investigated the occurrence 
of maternal and/or perinatal death among pregnant women 
diagnosed with COVID-19 during pregnancy or at delivery 
(confirmed positive test) compared to pregnant women with 
negative test during the same investigation period. 

Exclusion criteria were: 1) Studies comparing the risk of 
mortality in SARS-CoV-2 infected pregnant women with that of 
pregnant women in the pre-pandemic period or non-pregnant 
women of childbearing age. 2) Studies defined by their authors 
as cross-sectional, case-control, or cohort studies with no 
comparison group. 

4.Outcomes and data collection process 

This review compared SARS-CoV-2 infected and non-infected 
pregnant women with regard to the occurrence of the following 
outcomes: 

a) Maternal mortality: death of a woman, either during 
pregnancy or childbirth, from any cause related to or aggravated 
by pregnancy, or within 42 days of the end of pregnancy [18]. 
b) Perinatal mortality: incorporate stillbirth and early neonatal 
mortality (death of a child born alive and within the first 7 days 
of life) [19]. 

c) Stillbirth: the birth of a baby without signs of life after 20 
weeks of gestation [20]. 

The first author (K.O) collected data from the included studies. 
The collected information was verified by another author 
(A.K.). A third author (M.O.) was asked to decide in case of 
disagreement. 

The results were presented in three tables. The first lists the 
characteristics of the included studies. The second and third 
tables show the results of the maternal mortality studies and 
the perinatal mortality studies respectively. Quantitative data 
were expressed as numbers and proportions (N; %), odds ratios, 
relative and adjusted relative risks (with 95% Cl). 
were considered statistically significant (p<0.05). A narrative 
synthesis of the findings was performed. 


Results 
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Quality assessment of studies 

The quality assessment was conducted by two independent 
reviewers, (K.O.) and (A.K.), using the JBI Cohort Study Critical 
Assessment Checklist, 2017 (available at the jbi.global website). 
This checklist, approved by the Joanna Briggs Institute Scientific 
Committee, assesses the quality of cohort studies according to 
11 items: 1) Population and study groups; 2) and 3) Similarity 
and validity of exposure measurement; 4) and 5) Identification 
and managing of confounding factors; 6) and 7) Validity of 
outcome measurement; 8) to 10) Duration and continuity of 
follow-up 11) Statistical analysis quality. The checkboxes were: 
Yes, No, Unclear or Not applicable. 

Agreement between the examiners was assessed using the 
statistical coefficient kappa (k). 

5.Statistical Analysis 

Not applicable. 


Results 

1.Characteristics of included studies 

Initially, identified. After 
duplicates, screening by title and abstract and then by full text 
was performed according to the eligibility criteria. Finally, 24 
cohort studies were included for the systematic review (Figure 
1). 

The total duration of these studies extended from January 13, 
2020, to July 4, 2021 (Table 1). Eleven cohort studies had a 


2818 articles were removing 


Table 1. Characteristics of included studies 


Refences/ country Study type/ level 


Study period (m/y) 


Population description 


prospective design [20, 30], twelve studies were retrospective 
[15, 31, 41], and there was one cohort with a retro-prospective 
design [42]. 

Fourteen studies were multicenter [20, 23, 26, 28, 31, 34, 36, 
39, 41], including a multinational study [28]. Ten studies were 
single-center [15, 21, 22, 24, 25, 27, 29, 30, 40, 42]. 

The overall population included in this review was 1511875 
pregnant women, with 30633 testing positive for SARS-CoV-2 
infection and 1481242 testing negative. 

Five studies focused on maternal death [20, 21, 31, 32, 42], 
seven on perinatal death [22, 24, 33, 36] and twelve on both 
mortalities [15, 25, 30, 37, 40]. 

2. Assessment of the quality of the studies 

Included studies were assessed using the JBI Cohort Study 
Critical Assessment Checklist. The results of the study 
assessment were detailed in supplementary material. 

For all studies, the study groups were recruited from the same 
population, and the exposure measure was similar and valid, 
with ambiguities in the two studies [22, 27]. Confounding 
factors were identified in most studies (20/22), while strategies 
to address these confounders were indicated in 65% of these 
studies (13/20). The validity of outcomes measurement and 
duration of participant follow-up were overall appropriate. 
Regarding the statistical analysis, regression was used in 45% 
of the studies (11/24). 

The reviewers agreed that, in all, the included studies had a 


Population (N) COV-19 +N (%) COV-19-N(%) Sub-groups 


977 141 (14.43) 836 (85.57) NA + 48 
11078 65 (0.59) 11013 (99.4) NA & = 
199 66 (33.17) 133 (66.83) NA = 4 
507 137 (27) 370 (73) NA & ¢ 
604 174 (28.8) 430 (71.19) NA % t& 
1000 61 (6.1) 939 (93.9) NA & #@ 
1304 176 (13.5) 1 128 (86.5) Sym/ Asym o # 
2130 706 (33) 1424 (67) 1S, W, Mor a 8 
3165 108 (3.4) 3057(96.6) NA #8 
342 080 3527 (1.03) 338553 (98.97) NA = 
115 33 (28.7) 82 (71.3) NA + + 
315 28 (8.9) 287 (91.1) NA e #@ 
298 133 (44.6) 165 (55.4) NA + + 
462 49 (10.6) 413 (89.4) NA ie 
473 902 8584 (1.8) 465 318 (98.2) EG, Age + + 

445 313 7002 (1.6) 438311 (98.4) 

489 471 6550 (1,3) 482 921 (98.7) NA + + 
121 16 (13.2) 105 (86.8) NA = 
889 76 (8,54) 813 (91.46) NA te 

78 283 2 655 (3,4) 75628 (96.6) PCD Se 
PzAl 882 (49.8) 889 (50.2) T = -% 
14104 2352 (16.7) 11752 (83.3) IS ew 
43886 1332 (3.1) 42554(96.9) NA - + 
2944 74 (2.5) 2870 (97.5) Age, W, GA bw 
42270 2708 (6.4) 39 562 (93.6) GA + + 


Abbreviations: COV-19+: women with SARS-CoV-2 infection, COV-19-: women without SARS-CoV-2 infection, M: Maternal mortality, P: Perinatal mortality, Pro: Prospective, Retro: Retrospec- 


31)/India Retro/Multi 4/2020 - 5/2020 PPW 

32]/ China Retro/ Multi 1/2020 - 3/2020 SB Preg 

22)/ Iran Pro/Sing 3/2020 - 9/2020 AFC 

25]/ Guyana Pro/Sing 6/2020 - 8/2020 AFC 

26]/ Spain Pro/Multi 3/2020 - 5/2020 Asym AFC 

(27]/ USA Pro/Sing 5/2020 - 9/2020 AFC- 

23]/ Spain Pro/Multi 3/2020 - 5/2020 AFC 

28]/18 count Pro/Multi 3/2020 - 10/2020 WHDP- AFC 

(42]/ India Ret-pro/Sing 9/2020 - 11/2020 AFC 

33)/ UK Retro/Nat 5/2020 - 1/ 2021 SB Preg 

29)/ Brazil Pro/ Sing 4/2020 - 6/2020 AFC with co-Mor 

30)/ Italy Pro/Sing 4/2020 - 5/2020 AFC 

15]/ Iran Retro/Sing 3/2020 - 11/2020 WHDP for COV-19 

(20]/ USA Pro/Multi 4/2020 - 6/2020 AFC 

37\/ USA Retro/Nat 4/2020 - 11/2020 WHDP 
Sub-cohort: AFC 

38]/ USA Retro/Nat 3/2020 - 9/2020 AFC 

24]/ Italy Pro/Sing 4/2020 - 6/2020 1st T WHDP 

21]/ Romania Pro/ Sing 7/2020 - 7/2021 WHDP 

34]/ USA Retro/Nat 3/2020 - 1/2021 AFC* 

35]/ USA Ret/Multi 3/2020 - 7/2021 SB preg 

39]/ USA Retro/Multi 3/2020 - 2/2021 Preg and PPW 

36]/ USA Ret/Multi 3/2020 - 3/2021 Monitored Preg** 

40]/ Bahrain Retro/ Sing 4/2020 - 3/2021 WHDP- AFC 

'41]/ USA Retro/Nat 3/2020 - 5/2021 AFC with PCR preg test 

tive, Sing: Single center, Multi: Multicenter, Nat: National, + : outcome reported, -: outcome not reported, NA: not available, 


Preg : pregnancy, AFC: Admissions for childbirth , PPW: Post-partum women, WHDP : Women hospitalized during pregnancy SB: single birth, Sym: symptomatic, asym: asymptomatic, IS: 


infection severity, W: weight, Mor: morbidities, EG: ethnic group, PCD: pregnancy conception date, T: pregnancy trimester, GA: gestational age. 


*Pregnancies initiated by 2020/04/30 ** Pregnancies with a medical follow up from preconception to 7 days after childbirth. 
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low risk of bias. The quality was considered “good” and the 
statistical coefficient of Kappa was k = 0.71. 

3. Association of SARS-CoV-2 infection during pregnancy with 
the risk of maternal mortality 

As shown in Table 2, eight studies reported no maternal 
mortality [20, 25,27, 29, 30, 32, 40]. In contrast, the occurrence 
of maternal death in pregnant women with SARS-CoV-2 was 
reported in nine cohort studies [15, 21, 28, 31, 37, 39, 41, 42]. 

Three of these studies concluded that there was a high 
association between SARS-CoV-2 exposure in pregnancy 
and the occurrence of maternal death [29, 38, 39]. However, 
a retrospective single-center study found no significant 
association between COVID-19 status and maternal mortality 
[15]. Indeed, a multinational study including 18 countries, 
showed that COVID-19 exposure during pregnancy was highly 
associated with an increased incidence of maternal mortality, 
with RR: 22.26 (2.88- 172.11) (95% Cl) [28]. Similarly, based 
on analysis of data from 720 American hospitals, the risk of 
maternal death was 25.6 times higher among pregnant women 
with COVID-19 who delivered and 13.3 among all hospitalized 
pregnant women with COVID -19, including pregnancies that did 
not proceed to birth [37]. In addition, a cohort study conducted in 
703 US hospitals found that women with a confirmed diagnosis 
of SARS-CoV-2 at the time of hospitalization for delivery had 


a 17-fold increased risk of death compared to the unexposed 
group [38]. 

Five cohort studies compared the incidence of maternal 
mortality among pregnant women exposed and unexposed to 
SARS-CoV-2 infection during pregnancy using the Chi2 test 
and or the Fisher’s exact test [21, 31, 39, 41, 42]. Of these, 
three studies found that there was an increased incidence of 
maternal death for pregnant women infected by the SARS- 
CoV-2 [21, 39, 41]. However, two studies reported that the 
rates of maternal death in the exposed group were slightly 
higher than in the unexposed group, but this difference was not 
statistically significant [31, 42]. 

To investigate factors influencing the association of SARS-CoV-2 
infection during pregnancy with the risk of maternal mortality, 
four studies divided the study population into subgroups and 
assessed this association in each subgroup [28, 37, 39, 41]. 
Stratification variables included severity of infection, maternal 
age, race/ethnicity, body mass index, previous morbidities, and 
gestational age at exposure (Table 2). 

4. SARS-CoV-2 infection during pregnancy and the risk of 
perinatal mortality 

As presented in Table 3, seventeen cohort studies reported the 
occurrence of perinatal mortality in pregnant women diagnosed 
with COVID-19. Four of these studies reported a significant 


Table 2. Incidence and risk of maternal mortality by SARS-CoV-2 status during pregnancy 


M.M in COV+ (N; %) M.M in COV- (N; %) 


RR/ OR (IC 95%)/ p-value 


aRR/ aOR (IC95%)/p-value M.M in Subgroups N (%); OR; aOR 


3 (2.12) 8 (0.95) = 
31] 
(p> 0.05) 
32] 0 (0.0) NA . 
25] 0 (0.0) 0 (0.0) - 
26] 0 (0.0) 0 (0.0) - 
27] 0 (0.0) 0 (0) - 
11 (1.6) 1 (0.1) 
28] 
1 (0.9) 7 (0.22) = 
42] 
(p = 0.158) 
29] 0 (0.0) 0 (0.0) - 
30] 0 (0.0) 0 (0.0) - 
4 (3.0) 0 (0.0) 1.10 (0.01-1.35) (p=1.10) 
15] 
(p=0.03) 
20] 0 (0.0) 1 (0.2) - 
13 (0.1)* 53 (0)* 13.3 (7.3, 24.4) * 
37] 
9 (0.1) * 22 (0) * 25.6 (11.8, 55.6) ** 
38] 9 (0.1) 32 (0.0) 20.7 (9.9-43.4) (p <0.05) 
4 (0.1) 1 (0.0) - 
41] 
(p<0.0001) 
4 (5.2) 14 (1.7) : 
21] 
(p= 0.036) 
5 (0.2) 0 (0.0) - 
39] 
40] 0 (0.0) 0 (0.0) - 


22.26(2.88-172.11) (p<0,05) - 


AS:1.24/ S: 1.76 
NW: 1.28 /OW: 1.81 


No PM: 1.57 / PM: 1.71 


0.09(0.01-1.35) (p=0.15) 2 


= 15-24 y: 4.4 / 25-34 y: 12.3 /35-44 y: 23.9 
Hispanic: 31.2/ Black: 14.9 
= 15-24 y: NA/ 25-34 y: 13.8/ 35-44 y: 48.5 
Hispanic : 25.9/ Black: 76.8 
17.0 (8.2-35.4) (p <0.05) - 


3/4 of deaths in recently infected women 


- Moderate or severe : 5 deaths 


/Asymptomatic or mild: 0 


Abbreviations: COV+: women with SARS-CoV-2 infection, COV-: Women without a SARS-CoV-2 infection, MM: Maternal mortality, RR: Relative risk, OR: Odds ratio, NA: Not available; AS: 


asymptomatic; S: symptomatic; PM: past morbidity; NW: Normal weight; OW: Overweight. 
* For hospitalized pregnant women **For women who delivered. 
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Table 3. Incidence and risk of perinatal mortality or stillbirth by SARS-CoV-2 status 


PM in COV+(N; %) PM in COV-(N; %) 


RR/ OR (IC 95%)/ p-value 


aRR/ aOR (IC 95%)/ p-value 


PM in subgroupsN (%)/ OR/ aOR 


22 NA NA 0.97(0.09,10.58) (p=0.985) 
25] 7 (5.1) 4 (1.1) 4,7 (1.4-15.9) (p=0.0057) 
26 2(1.1) 0. (0) _ 

(p >0.05) 
27 3 (4.6) 12 (1.2) _ 

(p=0.062) 
23 1 (0.6) 6 (0.5) : 
28] 120 (17.0) 113 (7.9) 5 
33] 30 (0.85) 1140 (0.34) 2.54 (1.81-3.56) (p<.001) 
29] 2 (6.06) NA : 
30] 0 (0.0) 0 (0.0) 5 
15] 2 (1.6) NA - 
37] 76 (1.1) 3473 (0.8) 1.4 (1.1, 1.7) (p <0.05) 
38] 63 (1.0) 3439 (0.7) 1.4 (1.1-1.7) (p <0.05) 
24] 0 (0) 0 (0) : 
34] 14 (0.5) 387 (0.6) 1.76 (.59-5.23) 
35] 7 (08) 1 (01) : 

(p<0-05) 
36] 9 (0.7) 272 (0.6) 1.06 (0.55-2.05) (p<0-05) 
39] 13 (0.5) 89 (0.7) - 
40] 1 (1.5) 20 (0.7) , 

(p= 0.415) 
41] 16 (0.6) 174 (0.5) 1.35 (0.80-2.30) 

(p=0.257) 


1.41 (0.08, 18.37) (p=0.614) . 


- AS: 1/ S:0 
2.14 (1.66 - 2.75) (p <0.05) AS: 1.08 /S: 3.09 /No PM: 2.35 
/PM: 2.29 /NW: 1.99/ OW: 2.44 


2.21 (1.58-3.11) (p<.001) 2 


15-24 y: 1.2 /25-34 y: 1.5 /35-44 y: 1.5 
Hispanic: 1.3 /Asian: 1.1/ 
Black: 1.0/ White: 1.5 /Other: 1.5 
1.2 (1.0-1.6) (p <0.05) « 
1.55 (.52-4.61)a Recent pregnancy: COV+: <0.7% 
= 1st T: 1 (1.2%) / 2nd T: 5 (2.2%) 
/ 3rd T: 1 (0.2%) 
0.96 (0.49-1.87) (p<0-05) 
- AS, mild: 7/ Moderate, severe: 6 
PM was not correlated with gestational 
age or weight (p>0,05) 


1.50 (0.90-2.50)b Recent infection: OR :1.25 /aOR: 1.66 


Abbreviations: COVID+: women with a SARS-CoV-2 infection, COVID -: Women without a SARS-CoV-2 infection, PM: perinatal mortality, S: symptomatic; AS: asymptomatic; PMor: past 
morbidity; NW: Normal weight, OW: Overweight, T: trimester. a Cox proportional hazard model treating COVID-19 infection as a time-varying exposure (p<0-05); b OR adjusted for propensity 
score, which estimates the probability of developing COVID-19 as a function of 17 baseline covariables (p<0-05). 


Records identified from 
databases (n=2818): 


Duplicate records removed 
PubMed (n = 976) (n = 600) 
Scopus (n =684) 

Science Direct (n =1158) 


Records screened 

(n = 2218) 

Reports sought for retrieval 
(n = 307) 


Reports assessed for eligibility 
(n =112) 


Records excluded 
911) 


Reports not retrieved 
(n =195) 


Reports excluded for reasons 
(n=88): 
Type of studies (n =19) 
No comparator group (n =18) 
Other comparator group 
(n= 21) 
Different aim of study (n=7) 
Different outcomes (n = 23) 


Studies included in the 


systematic review 
(n =24) 


Figure 1. PRISMA flow diagram of article selection 


association between this exposure during pregnancy and the 
risk of stillbirth. This ranges from 1.2 to 4.7 [25, 33, 37, 38]. Also, 
a multicenter cohort study noted a significantly high incidence 


of stillbirths among the infected group (0.8%) compared with 
the matched uninfected group (0.1%), (p<0.05) [35]. In addition, 
the multinational study by Villar et al. observed that newborns 
born to exposed mothers had a high perinatal morbidity and 
mortality index (PMMI) compared with those born to unexposed 
mothers (RR= 2.14). 

Using regression, insignificant 
association between SARS-CoV-2 infection status during 
pregnancy and the risk of stillbirth [22, 34, 36]. In addition, 
five cohort studies concluded that there was no significant 


three studies found an 


difference in fetal death incidence among the exposed and 
unexposed groups [23, 27, 39, 41]. Also, the variation in stillbirth 
incidence between asymptomatic women with SARS-CoV-2 and 
uninfected pregnant women was not statistically significant (p> 
0.05) [26]. 

Factors influencing the association between SARS-CoV-2 
infection and the risk of perinatal mortality or stillbirth were 
assessed in eight studies [23, 28, 34, 35, 37, 39, 41]. The risk of 
stillbirth was slightly higher in women aged =25 years, however, 
there was no significant difference between ethnic subgroups 
[37]. In addition, it was noted that symptomatic women and 
women with high body mass index or previous morbidities were 
more likely to have severe perinatal morbidity and mortality 
[28]. The influence of gestational age at infection on stillbirth 
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incidence was discussed in four studies [34, 35, 40, 41]. 
Finally, two single-center studies reported that there were no 
stillbirths in the study population [24, 30]. 


Discussion 

In the present review, six cohort studies showed that there 
was a high association between SARS-CoV-2 infection during 
pregnancy and the incidence of maternal death. According to 
a living systematic review and meta-analysis of eight studies, 
the probability of all-cause mortality in pregnant women with 
COVID-19 was higher compared to pregnant women without 
the disease [4]. Another meta-analysis indicated that the 
probability of maternal death related to SARS-CoV-2 infection 
is high (pooled OR: 7.05 [2, 41, 20, 65]) [43]. In contrast, a meta- 
analysis of six comparative studies showed that there was no 
significant difference in maternal mortality rates in relation to 
COVID-19 status (p=0.23) [13]. 

Eight included studies found no maternal deaths in pregnant 
women with SARS-CoV-2. Of these, seven were conducted 
during the first year of the pandemic and the majority were 
monocentric. Maternal death is an uncommon event requiring 
a large study population and a follow-up until six weeks after 
delivery to obtain valid results. Furthermore, the absence of 
symptoms may explain this finding; an included single-center 
study with no deaths indicated that 86.24% of infected women 
were asymptomatic [20]. Other systematic reviews reported 
that no maternal deaths occurred among infected women [43, 
45]. Similarly, a meta-analysis of data of the early pandemic 
revealed no deaths among 348 cases recorded [46]. 

In the current review, countries concerned by the increase in 
maternal deaths related to COVID-19 were the USA in four 
studies [37, 39, 41], Romania [21], and eighteen countries 
included in a multinational study [28]. A meta-analysis of 
recent studies conducted in low-resource countries showed an 
increased incidence of death in pregnant women who tested 
positive [47]. Among the countries suffering most from this 
issue, Brazil recorded high maternal mortality rates during the 
outbreak [48]. 

Regarding the determinants of the association between SARS- 
CoV-2 infection and maternal mortality risk, symptomatic 
pregnant women or those with a history of morbidity or 
overweight had a high incidence of maternal death [28]. Similarly, 
a meta-analysis found that all 153 pregnant and postpartum 
women who died due to COVID-19 were symptomatic and 
suffered from morbidities such as diabetes, overweight, 
cardiovascular diseases, and asthma [9]. A systematic review 
of 14 articles showed that high BMI or comorbidities were risk 
factors for mortality associated with SARS-CoV-2 infection [49]. 
In our review, maternal age over 35 years increased the risk of 
maternal death [37]. In another systematic review, 41.7% of 
died infected mothers were older than 35 years [9]. 

In terms of perinatal death, six studies in this review found a 
significant association between SARS-CoV-2 infection during 
pregnancy and the risk of stillbirth. This is consistent with many 
systematic and meta-analyses, which have reported high odds 
ratio values (OR= 2.70) [50], (pooled OR 1.46) [43], (OR= 2.11) 
[51] and (OR =2.36 )[52]. In the opposite, nine included cohort 
studies revealed that SARS-CoV-2 exposure did not significantly 


influence the incidence of stillbirth. In agreement, this incidence 
was 1.1% in both groups according to a meta-analysis of six 
comparative studies [13]. Another meta-analysis found that the 
risk of fetal death from COVID-19 was extremely low [53]. 

the probability of stillbirth was 
slightly higher among women over 25 years [37]. However, a 


In the current review, 


discrepancy has been observed regarding the effect of severity 
of infection, gestational age, and weight on this probability. 
Indeed, an included multinational cohort study noted that 
symptomatic women with a high body mass index were more 
likely to have a perinatal death [28]. The fetal death rate was 
higher in asymptomatic or mildly affected women [39], and was 
not correlated with either BMI or gestational age [40]. Besides, 
the incidence of stillbirth was higher in women infected within 
30 days of delivery [41]. While, it was higher among women 
infected in the first or second trimester [35]. This discrepancy 
can be explained by sample size limitations in monocentric 
studies and retrospective data collection, mainly under- 
recording of patient information. 

Most studies in this review involved pregnant women infected 
at or near the time of delivery. A review of maternal and fetal 
outcomes related to COVID-19 showed that the third trimester 
was the most vulnerable period for infection [54]. 

Strengths and limitations of the study 

This systematic review had several strengths and limitations. 
It included comparative cohort studies allowing for follow-up 
of outcomes in and without the exposure. In addition, cohort 
studies comparing outcomes with the pre-pandemic period were 
eliminated to avoid confounding the impact of the COVID-19 
pandemic on healthcare services. However, the unavailability of 
some data or full-text articles reduced the number of included 
studies. 

The overall study period was from the beginning of the pandemic 
until July 2021, which provided a large study population 
(1511875 pregnant women). However, the data collected did 
not cover new variants such as Omicron, which appeared for 
the first time on 9 November 2021. In addition, the influence 
of vaccination status was not studied because the SARS-CoV-2 
vaccine was contraindicated for pregnant women during the 
early pandemic. 

The retrospective design of many cohort studies did not provide 
a real-time follow-up of outcomes related to SARS-CoV-2 
infection. Nevertheless, there were more prospective than 
retrospective studies. 

Therefore, meta-analyses of recent large-sample multicenter 
studies are recommended to compare the effect of infection 
with different variants of SARS-CoV-2 and vaccine coverage on 
maternal and fetal outcomes, including maternal and perinatal 
mortality. 

Conclusion 

The findings of included cohort studies regarding the 
association of SARS-CoV-2 infection during pregnancy with the 
risk of maternal and perinatal mortality varied. 

Studies covering the early months of the pandemic noted that 
the risk of maternal mortality was low. However, larger studies 
reported that women exposed to SARS-CoV-2 infection during 
pregnancy have a higher risk of maternal mortality than those 
unexposed. Factors that may influence this association include 
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the severity of COVID-19 disease, co-morbidities, overweight, 
maternal, gestational age, and ethnicity. On the other hand, 
according to findings of studies that have addressed perinatal 
mortality, the association of SARS-CoV-2 infection and the risk 
of stillbirth was lower than the association of this condition 
with maternal death. 
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